Introduction
Type 2 diabetes mellitus (DM2) is a chronic noncommunicable disease characterized by sustained hyperglycemia, which is caused by defects in insulin action or secretion. This pathology usually develops in people >40 years old, who have a sedentary lifestyle and poor eating habits, and is associated with family history. (1) Chronic hyperglycemia can manifest with damage to multiple organs, being the leading cause of blindness, kidney failure and amputations in adults; it is also one of the leading causes of heart disease and thrombosis. (2) According to the International Diabetes Federation's 2015 report, an estimated 415 million adults between the ages of 20 and 79 worldwide have diabetes, of whom 193 million are undiagnosed. Another 318 million people have impaired glucose tolerance, putting them at high risk of developing the disease. If this increasing number is not stopped, an estimated 642 million people will be living with the disease by 2040. (3) In Chile, the prevalence of DM2 has increased from 6.3% to 9.4% according to the National Health Survey. (4)
Considering this world scenario, the American Diabetes Association recommends assessing the level of knowledge about DM2 and self-care skills, at least annually, and encouraging or providing tools for permanent education. (1) Health education in diabetic patients is an ongoing process that seeks to promote the knowledge, skills and self-care capacity of people diagnosed with DM2, which has a very positive impact on the reduction of unnecessary morbidity and mortality rates due to poor glycemic control. (5) Therefore, it is important for the patient to understand why good glycemic control should be maintained, know how to achieve it, and learn the appropriate strategies to solve any problem. To achieve this, there are international standards that define the characteristics that make up education in DM2 to be applied in the health system. (6) In Chile, health promotion and education activities aimed at most patients with DM2 are the responsibility of primary care teams of the different health centers. These actions are fundamental to inform and motivate the population to adopt and maintain healthy practices and lifestyles, in addition to fostering environmental changes and directing human resource training and research in their own field. (7) Several methodologies have been used to assess knowledge in patients with DM2. (1, 8, 9) In turn, different educational interventions that combine individual or group education have been made public, as well as the use of internationally validated instruments to measure the level of knowledge. (10) To select these instruments, linguistic validation should also be considered.
According to the available literature, having better knowledge of the disease is associated with a better level of self-care, thereby favoring glycemic control expressed in the reduction of glycosylated hemoglobin (HbA1c) and improving quality of life in these patients. (1, 3, (10) (11) (12) (13) Given the importance of the level of knowledge in the patient and its fundamental role in the proper management of the disease, the objective of this study is to determine whether glycemic control measured with HbA1c and the level of knowledge in patients with DM2 treated at a family health center in the region of Araucanía, Chile, are correlated or not.
Materials and methods
A cross-sectional correlational study in 65 adults diagnosed with DM2 (47 women and 18 men) was carried out using convenience sampling. The average age of the study participants was 62.8±6.22 years, all with recent HbA1c tests and users of the Cardiovascular Health Program of the Family Health Center (CESFAM) located in the commune of Padre Las Casas, Araucanía region, Chile. Participants were informed and made aware of the importance and objectives of the research and signed an informed consent. This research was approved by the Bioethics Committee of the Universidad Santo Tomás de Chile through Minutes CEC UST N°82/2015, issued on August 14, 2015. In addition, this work took into account the ethical principles for medical research involving human subjects of the Declaration of Helsinki. (14) The instrument used to measure the level of knowledge was the Michigan Diabetes Research and Training Center's Revised Diabetes Knowledge Test, developed and validated by the Michigan Diabetes Training and Research Center. (15) This instrument consists of 23 questions that measure knowledge regarding the disease and has been translated into Spanish and adapted for studies in the Chilean adult population. (16) It is a multiple-choice test with only one true answer; the first 14 questions refer to general information about diabetes, symptoms, diet and exercise, while the remaining 9 are related to insulin-based treatment and should be answered only by those on insulin-based therapy.
In order to classify the level of knowledge of the patients, the authors of this study defined a score >60% for approval, which was interpreted as sufficient knowledge of the disease. It is worth noting that this is a validated questionnaire for patients with DM2, that its components refer to practical aspects of disease management and that it does not contain questions related to the physiopathology of the disease.
The test was applied in a written and individualized way, and was taken only once by each participant after being explained by a nutritionist.
Glycemic control in each patient was determined by means of the value of the last HbA1c test, which was obtained from the clinical records of CESFAM; the evaluation of this indicator was analyzed in the laboratory of the center. HbA1c <7% was considered adequate glycemic control and HbA1c >7% as uncontrolled blood glucose. This categorization was made based on the Clinical Guidelines for Diabetes Mellitus type 2 in force in national primary care centers. (7) In addition, the information of each patient such as age, insulin use, educational attainment and years of diagnosis of the disease, was obtained from the clinical records.
An exploratory data analysis was carried out to debug the information, thus determining the prevalence of the variables of the main study together with a descriptive analysis. The chi-square test was used to determine the association between two qualitative variables, and in case of obtaining one degree of freedom because both variables were dichotomous, the Fisher's exact test was preferred. Contrasts were significant with a value of p<0.05. All analyses were performed using the SPSS software, version 19, for Windows. Table 1 shows that the subjects participating in this study were characterized by having a higher percentage of elementary educational attainment, followed by secondary education. It is also evident that the largest amount of patients of both sexes was diagnosed between 1 and 5 years earlier. In addition, a higher percentage of men were on insulin therapy compared to women. It can be seen that women have more metabolic control than men, and a higher percentage in terms of knowledge sufficiency in the test. Source: Own elaboration. Table 2 shows that the group with sufficient knowledge has, in a significant way, better glycemic control in comparison with the group with insufficient knowledge, which has higher rates of uncontrolled blood glucose (p<0.001). It is also evident that there were no statistically significant differences between the level of knowledge in relation with sex (p=0.166). In addition, there were no significant differences (p=0.042) regarding the level of knowledge about the disease among subjects who had higher educational attainment (secondary or higher education) when compared with those with a lower level of studies. Source: Own elaboration. Table 3 shows that there were no statistically significant differences when comparing sex (p=0.549), educational attainment (p=0.201), years of diagnosis (p=0.126) or insulin use (p=0.108) with glycemic control.
Results

Discussion
This research shows that most patients with DM2 who have sufficient knowledge of their disease (Table 2 ) have a normal glycemic control, as well as a significant difference when compared with patients whose knowledge was insufficient, where a lower percentage presented normoglycemia; all this evidence confirms that the level of knowledge does affect glycemic control. This finding is consistent with other studies that also state that glycemic control is achieved when patients' level of knowledge on DM2 is high. (1, 3, (10) (11) (12) 17) Another research also exposes that poor patient education and low awareness of such issues in people with high blood pressure or diabetes mellitus can affect their level of control. (18) On the other hand, it has been documented that people with greater knowledge about their own health condition have greater adherence to the recommendations given by health professionals, which in the future represents a greater control of complications. (19) It should be noted that the percentage of metabolic compensation (normoglycemia) in the subjects who had an adequate level of knowledge of their disease in this study is higher than the goal set by the Government of Chile through the National Health Strategy for meeting the Health Objectives of the 2011-2020 decade, which seeks to achieve metabolic compensation in at least 31.8% of patients with DM2. (20) Thus, by analyzing the variables related to level of knowledge, it is evident that there is a need to continue strengthening the Cardiovascular Health Program, which has been the most important strategy for the management of DM2 in Chile since 2002, and includes actions related to health promotion and education as essential tools to control the disease. (7) It should be noted that all patients participating in this research are part of this health program, which includes pharmacological and non-pharmacological treatments provided by a multidisciplinary health team. These strategies, based on the need to provide permanent education to diabetic patients, are also a priority for updating the clinical guidelines for DM2 management published in Chile in 2010. (7) Furthermore, this study found that low level of knowledge on DM2 is a determining factor for poor glycemic control, thus exposing patients with poor metabolic control to the onset of chronic complications, disability and premature death.
Metabolic control in patients with DM2 could be related to educational attainment, since a less educated population has limitations to identify the name of the medications, reading instructions, understanding an appointment card, monitoring glycemic figures and keeping a record of them. (6, 21) Regarding sex, some studies conclude that women have a greater number of non-clinical factors that help accepting self-care actions and prevent complications in DM2. (22) Despite this, no statistically significant differences were found in the present study in the level of knowledge about diabetes ( Table 2) or glycemic control (Table 3 ) in subjects when compared by sex or educational attainment. This finding reveals the vulnerability of the patients treated at the Padre Las Casas Family Health Center in the Araucanía region, who, besides having elementary and secondary education, are residents of rural areas with a high or low degree of marginalization. Consequently, health teams face challenges related to generating effective strategies for education in DM2 based on the strengthening of the non-pharmacological treatment of this disease, emphasizing healthy eating habits and targeted physical activity for a population with low education.
As it has been shown in other works, patients who have suffered from DM2 for more years should have greater knowledge of it, which would be reflected in better glycemic control. (23) However, this research did not find significant differences when comparing the years of diagnosis of the disease with adequate glycemic control (Table  3 ). This proves the importance of maintaining long-term educational interventions to increase the level of knowledge and self-care skills and thereby achieve sustained improvement in metabolic control. (18, (24) (25) (26) (27) (28) When analyzing glycemic control in patients according to insulin use (Table 3) , it was observed that, of those who were on insulin treatment, only 20% had an adequate glycemic control, being this percentage lower than that presented in patients that did not have this treatment, as only 40% had normal glucose levels. Although the difference was not statistically significant, it was expected due to a greater pathophysiological involvement in patients with DM2 who require insulin therapy, which explains their lower glycemic compensation. (29) This was also in line with a recent review that reported that most insulin users have high HbA1c levels, resulting in less metabolic control. (30) The main limitation of this study is the lack of studies conducted at a local level applying the Michigan Diabetes Research and Training Center's Revised Diabetes Knowledge Test to measure the level of knowledge on diabetes mellitus. It would be interesting if national health programs addressing these patients implement locally-adapted instruments to measure their knowledge of their disease.
Conclusions
The results of this study are relevant to continue strengthening patientcentered educational processes at the onset and during the evolution of the disease, which should be addressed even from primary health care services.
A meta-analysis concludes that education on diabetes applied in any format, but performed on a regular basis, leads to glycemic improvement for patients. (31) Therefore, the health team should be trained with appropriate techniques, knowledge and skills to achieve adequate diabetes education in terms of improved quality of life and prevention of complications in these patients.
